Álcoois e fenóis foram acetilados eficientemente com anidrido acético na presença de sulfato de cobre (II) em temperatura ambiente, com altos rendimentos.
Introduction
Acetylation of hydroxyl groups is a frequently used transformation method in organic synthesis. Among the various protecting groups used for the hydroxyl function, acetyl is the most convenient group in view of its easy introduction, being stable to the acidic reaction conditions, and also easily removable by mild alkaline hydrolysis. 1 Commonly used reagent for this reaction uses acetic anhydride in the presence of an acid or base catalyst. 2 have been investigated to meet the demands for more efficient and selective methods. In spite of these waves of interest, due to the importance of acetylation, it is necessary to develop inexpensive, eco-friendly and reusable catalyst. Recently, CuSO 4 . 5H 2 O has been used as a Lewis acid catalyst for various organic transformations. [13] [14] [15] It is an inexpensive, available and extremely safe reagent to be used in chemical reactions. We are interested in catalytic reactions 16 and acetylation reactions 17 in eco-friendly and solventless conditions. 18 We describe herein an efficient and convenient procedure for acetylation of alcohols and phenols under solvent-free conditions in the presence of a catalytic amount of Copper (II) sulfate pentahydrate with acetic anhydride at room temperature.
Initially a systematic study was carried out for the catalytic evaluation of CuSO 4 for acetylation of benzyl alcohol. The reaction could not be carried out in acetic acid with catalytic amount of catalyst (5 mol %) and in acetic anhydride in the absence of catalyst. The efficiency of this reaction is evident from the variety of hydroxy compounds including primary, secondary, tertiary, benzylic and allylic alcohols and phenols, to give the products in mild conditions and excellent yields. This method works well with a 1:1.5 molar ratio of alcohol or phenol to acetic anhydride in the presence of a catalytic amount of copper(II) sulfate (0.02 mmol) without solvent (Scheme 1, Table 1 ). We examined equimolar amounts of 1-BuOH and 2-BuOH (1 mmol, 1 mmol), catalyst (2 mol %) in acetic anhydride (1.5 mmol) and found after 24 h 1-butyl acetate is formed as a product and no 2-buthyl acetate in the reaction mixture was detected (monitored by TLC). However 2-butyl acetate was obtained in high yield when 2-buthanol was used independently in the same reaction conditions. It means although sec-alcohols can be acetylated with this method, in the presence of primary hydroxyl group, the chemoselective reaction takes place and only primary hydroxyl group can be selectivity acetylated.
In conclusion we have developed a catalytic and solventless system for acetylation of alcohols and phenols using available, inexpensive and extremely safe reagent such as copper (ll) sulfate for the mild and high yielding acetylation of alcohols and phenols. The salient features of these reactions are, use of 1-1.5 equivalent of acetic anhydride to substrate and catalytic amounts of copper (ll) sulfate which are concomitant with solventless and catalytic nature of the reaction. Neither use of solvent nor elevation of reaction temperature makes operations more convenient. The catalyst can be recycled at least five times without significant lose of catalytic activity. We believe copper (ll) sulfate is the greenest catalyst which has ever been used for acetylation of alcohols and phenols and this heterogeneous catalytic and solventless acetylation will find many applications in organic synthesis and industry.
Experimental
All products were known and their physical and spectroscopic data were compared with those of authentic samples. IR spectra were recorded on Brucker 4000-400 cm -1 . Yields of conversion are based on GC/ MS analysis using Agilent 6890 GC system HP-5 capilary 30m × 530 µm × 1.5 µm nominal. All chemicals were purchased from commercial suppliers and were used as received.
Acetylation of alcohols and phenols catalyzed by copper (ll) sulfate. Typical procedure
Benzyl alcohol (5 mmol, 0.504 mL) and acetic anhydride (7.5 mmol, 0.7 mL) were added to CuSO 4 . 5H 2 O (0.1 mmol, 0.025g). The mixture was stirred at room temperature for 24 hours (Table 1) . Upon completion of the reaction (monitored by TLC) the mixture was diluted with sodium bicarbonate 10% (15 mL) and extracted with CH 2 Cl 2 (3×20). Combined organic layers were dried over Na 2 SO 4 , filtered and evaporated to dryness to afford the acetylated products in high yields.
Recycling of the catalyst
At the end of the reaction, the catalyst was filtered, washed with dichloromethane, dried at 110 °C for 1 hour, and reused in another reaction. 
